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Fungal infections remain a significant cause of morbidity
and mortality despite advances in medicine and the emer-
gence of new antifungal agents (1). Immunocompromised

patients are particularly at risk of developing these infections,
with Candida and Aspergillus spp. being the mycoses most com-
monly identified (2). Patients who develop candidemia have a
greater chance of prolonged hospitalization and have a mortal-
ity rate as high as 60%. In addition, the prevalence of Candida
spp. that are resistant to triazole antifungal agents is increasing,
making treatment options a concern. Aspergillosis carries a 100%
mortality rate if left untreated (3). Although there are numer-
ous treatment options, no broad-spectrum antifungal agents with
an acceptable safety profile and with both intravenous and oral
formulations are available at this time.

Amphotericin B is currently the drug of choice for the treat-
ment of systemic infections caused by Aspergillus and Candida spp.
(2–4). However, the high incidence of toxicity associated with
amphotericin B has limited its use in many patients. Lipid for-
mulations of amphotericin B are better tolerated than conven-
tional amphotericin B and have similar efficacy. However, these
agents are costly and are generally reserved for second-line
therapy in patients who did not respond to or could not tolerate
conventional amphotericin B therapy. Caspofungin, an echino-
candin antifungal agent, has in vitro activity against Aspergillus
and Candida spp. However, due to a lack of clinical trials, it is
generally reserved for aspergillosis that is refractory to other
antifungal treatment. Fluconazole and itraconazole are triazole
antifungal agents used in the treatment of fungal infections. They
have both intravenous and oral formulations and favorable safety
profiles. However, the triazoles’ spectrum of activity is somewhat
limited. Fluconazole is active mainly against Candida albicans and
Cryptococcus neoformans. Itraconazole is most active against As-
pergillus spp. and has greater activity than fluconazole against
resistant strains of Candida spp. other than C. albicans (2).

Voriconazole is the newest agent in the armamentarium
against fungal infections. It is a triazole antifungal with a struc-
ture related to that of fluconazole and a spectrum of activity
comparable to that of itraconazole. Voriconazole was approved
by the Food and Drug Administration in May 2002 for the treat-
ment of invasive aspergillosis and refractory infections of
Scedosporium apiospermum and Fusarium spp. Studies have also
shown it to be a promising agent for empiric treatment in febrile
neutropenia.
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INDICATIONS
Voriconazole (VFEND, Pfizer Ireland Pharmaceuticals,

Ringaskiddy, Ireland) is a triazole antifungal agent that inhibits
fungal ergosterol biosynthesis (5). It is structurally related to
fluconazole, with the major difference being the substitution of
a fluoropyrimidine grouping in place of a triazole moiety (5, 6).
Voriconazole is indicated for the treatment of invasive aspergillo-
sis. It is also indicated for the treatment of fungal infections
caused by S. apiospermum or Fusarium spp. that are refractory to
other antifungal agents (5).

PHARMACOLOGY
Like the other triazole antifungals, voriconazole exerts its

antifungal activity by inhibition of 14-alpha-lanosterol demeth-
ylation, which is mediated by fungal cytochrome P450 enzymes
(2, 5, 6). This inhibition is more selective for fungal than for
mammalian enzyme systems. The accumulation of 14-alpha-
methyl sterols results in a decrease in ergosterol, which is an es-
sential component of fungal cell wall formation. The resulting
cell wall abnormalities are thought to be responsible for vori-
conazole’s antifungal activity.

PHARMACOKINETICS
The pharmacokinetic profile of voriconazole has been de-

fined from various studies in healthy volunteers, patients, and
special populations (5, 7–9). Voriconazole is unique because of
its saturable metabolism, resulting in a nonlinear Michaelis-
Menten pharmacokinetic profile. Thus, when the dosage of vori-
conazole is increased, a larger-than-proportional increase is seen
in drug exposure. This also results in a variable elimination half-
life (from 6 to 24 hours) depending on the dosage of voricona-
zole given.

The pharmacokinetic properties of voriconazole are similar
whether given intravenously or orally. It is well absorbed, with
an oral bioavailability of >95%. It takes 1 to 2 hours to reach
maximum concentrations after dosing. However, the bio-
availability is decreased and the time to maximum concentra-
tion extended when voriconazole is administered with a high-fat
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meal (2, 5). Absorption is not diminished when voriconazole is
administered with gastric acid–suppressing agents such as
cimetidine, ranitidine, or omeprazole.

Voriconazole is extensively distributed into tissue, with a
volume of distribution of approximately 4.6 L/kg (5). A case
study reports that cerebrospinal concentrations were 42% to 67%
of plasma concentrations in 2 patients with acute leukemia who
had Aspergillus spp. meningitis (10). Protein binding is approxi-
mately 58% in plasma and is independent of various plasma drug
concentrations reached after single and multiple oral doses.

Voriconazole is extensively metabolized in the liver to the
N-oxide metabolite (5, 8, 10). The main hepatic cytochrome
P450 enzyme responsible for voriconazole’s metabolism is
CYP2C19, although CYP2C9 and CYP3A4 are also involved.
Studies performed in vitro suggest that voriconazole, as well as
its metabolite, inhibits these enzymes as well. CYP2C19 is sub-
ject to genetic polymorphism, leaving certain populations sus-
ceptible to decreased metabolism and increased plasma levels of
voriconazole. Persons of Asian descent have up to a 20% chance
of being a poor metabolizer, while Caucasian and African Ameri-
can individuals have up to a 5% chance (11). Studies have in-
dicated that poor metabolizers can have an area under the curve
up to 4 times higher than that of homozygous extensive
metabolizers and 2 times higher than that of heterozygous ex-
tensive metabolizers. Poor metabolizers also have higher plasma
accumulation after multiple dosing.

SPECTRUM OF ACTIVITY
Voriconazole has shown activity against Aspergillus spp. in

vitro (8, 12–16). Growth-inhibition studies have shown vori-
conazole to be fungicidal against the various Aspergillus spp.
Voriconazole and itraconazole have similar minimum inhibitory
concentrations (MICs) when tested against Aspergillus spp. Vori-
conazole demonstrated low MICs for all Aspergillus spp. tested
but appeared to be most active against Aspergillus fumigatus.
Abraham and colleagues also found that voriconazole maintains
activity against itraconazole-resistant A. fumigatus isolates (17).
This suggests that voriconazole may have alternate mechanisms
of fungal killing since complete cross-resistance did not develop.

Voriconazole has also shown activity against Candida spp. (8,
14, 16–18). Growth-inhibition studies demonstrated that vori-
conazole, like itraconazole, is fungistatic against all Candida spp.
tested. Voriconazole and itraconazole had the lowest MICs for
C. albicans isolates but had MICs up to 32 times higher for other
Candida strains. Overall, voriconazole showed more potency than
fluconazole or itraconazole for most Candida isolates studied.
Although potency is maintained against fluconazole-resistant
Candida spp., the MICs are higher than in those that are flu-
conazole sensitive, suggesting the possibility of cross-resistance
with voriconazole and other azoles.

Voriconazole has been studied in other mycoses as well (2, 5,
8, 14–16, 19–21). It has shown in vitro efficacy against S.
apiospermum, S. prolificans, C. neoformans, Blastomyces dermatitidis,
Histoplasma capsulatum, and Pseudallescheria boydii. Voriconazole
had greater activity against S. apiospermum than miconazole,
posaconazole, or itraconazole (MIC 0.5 µg/mL, 1 µg/mL, 2 µg/mL,
and 4 µg/mL, respectively). Voriconazole was also found to have
a lower MIC than itraconazole or fluconazole against C.

neoformans (0.125–0.25 µg/mL, 16 µg/mL, and 0.5 µg/mL, respec-
tively). Further trials are needed to determine the role of vori-
conazole in infections caused by these fungi.

CLINICAL EFFICACY
Treatment of invasive aspergillosis

Denning and colleagues conducted an open, noncom-
parative, multicenter trial to evaluate the efficacy and safety of
voriconazole in the treatment of acute invasive aspergillosis (22).
Patients were included in the study if they were older than 14
years and had probable or definite invasive aspergillosis. Patients
were permitted to receive salvage treatment with voriconazole
if they had previously received amphotericin B, liposomal am-
photericin B, or itraconazole at therapeutic doses. Patients who
had received other antifungal agents or lower-than-treatment
doses were considered to be receiving primary therapy when
voriconazole was initiated. Therapy was initiated with two 6-
mg/kg intravenous loading doses 12 hours apart and was contin-
ued with 3 mg/kg intravenously at 12-hour intervals for 6 to 27
days. Patients were then switched to oral therapy (200 mg twice
daily) for 4 to 24 weeks. Complete response was defined as com-
plete resolution of all clinical signs and symptoms as well as com-
plete radiographic resolution. Partial response was defined as
major improvement or resolution of clinical signs and symptoms
and improvement in radiographic findings by at least 50%. Fail-
ure was defined as progression of infection or death due to inva-
sive aspergillosis. “Good response” was defined as either complete
or partial response.

In total, 116 patients were assessable for efficacy and 137 for
safety. Of the assessable patients, 14% had a complete response,
34% a partial response, and 21% a stable response to voricona-
zole therapy. Thirty-one percent of patients did not respond to
therapy. Good response was seen in 60% of patients with pul-
monary or tracheobronchial disease, 16% of patients with cere-
bral disease, and 50% of patients with disseminated disease. Good
response was also seen in 58% of patients with underlying he-
matologic disorders and 26% of patients who had undergone al-
logeneic stem cell transplant. Patients receiving voriconazole as
primary therapy had a good response rate of 59%, while those
receiving salvage therapy had a good response rate of 38% (P =
0.02). Thirty-eight percent of patients with a definite diagnosis
of aspergillosis had a good response, whereas the good response
rate was 58% in those with probable disease (P = 0.05). Patients
who died during therapy and had autopsy results confirming dis-
ease were classified as definite cases.

The most common adverse events were visual disturbances,
abnormal liver function test results, and rash. Fifteen of the 137
patients developed visual disturbances, described as blurry vision
or as seeing wavy lines. This generally occurred shortly after dos-
ing and resolved after a few minutes, with no permanent visual
problems reported. Twenty patients developed abnormal liver
function test results requiring discontinuation of drug therapy.
The majority of these patients had plasma voriconazole concen-
trations >6000 ng/mL. The authors concluded that voriconazole
is safe and efficacious for the primary treatment of invasive as-
pergillosis.

Herbrecht and colleagues conducted a randomized, non-
blinded trial to compare voriconazole with amphotericin B for
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the treatment of invasive aspergillosis in immunocompromised
patients (23). Patients were randomized to receive either vori-
conazole or amphotericin B for a total of 12 weeks. Patients ran-
domized to the voriconazole group received two 6-mg/kg doses
intravenously on day 1 and then 4 mg/kg intravenously twice
daily for at least 7 days, followed by 200 mg orally twice daily.
Patients randomized to the amphotericin B group received a dose
of 1 to 1.5 mg/kg intravenously once daily. If response to initial
therapy was inadequate, the patients could be switched to other
antifungal agents. A data review committee that was blinded to
treatment allocation assessed the certainty of diagnosis and re-
sponse to therapy at week 12 and at the end of initial random-
ized therapy. The modified intention-to-treat population
included 277 patients who received at least 1 dose of the assigned
study medication and who had a diagnosis of definite or prob-
able invasive aspergillosis. The primary efficacy endpoint was
demonstration of the noninferiority of voriconazole compared
with amphotericin B at week 12 in the modified intention-to-
treat population. Secondary endpoints included the demonstra-
tion of voriconazole superiority compared with amphotericin B
at the end of initial therapy, survival rates at week 12, and safety.

Baseline characteristics were similar between groups, with the
only significant difference being that the voriconazole group in-
cluded a higher number of patients with definite aspergillosis
(46.5% vs 30.8%, P = 0.01). The median duration of voricona-
zole treatment was 77 days, of which 10 days were intravenous
therapy. The median duration of amphotericin B treatment was
10 days (mean dose 0.97 mg/kg). Other antifungal therapy was
initiated in 52 patients in the voriconazole group and 107 pa-
tients in the amphotericin B group, with lipid formulations of
amphotericin B being the most common substitution. A success-
ful outcome (complete or partial response) was noted in 52.8%
of patients in the voriconazole group and 31.6% of patients in
the amphotericin B group (95% confidence interval [CI] 10.4%
to 32.9%). This degree of success was consistent regardless of site
of infection, neutropenic status, or underlying disease state. In
the intention-to-treat population, the success rate was 49.7% in
the voriconazole group and 27.8% in the amphotericin B group
(95% CI 12.4% to 31.2%). At week 12, the survival rate was
70.8% in the voriconazole group and 57.9% in the amphoteri-
cin B group (P = 0.02).

Significantly fewer adverse events occurred in the voricona-
zole group than in the amphotericin B group (P = 0.02). Visual
disturbances were the most common side effects in the voricona-
zole group, while chills, fever, and renal impairment were the
most common side effects in the amphotericin B group. The
authors concluded that voriconazole has superior response rates,
survival rates, and safety in patients with invasive aspergillosis
compared with amphotericin B. However, it is important to note
that since the median treatment time with amphotericin B was
10 days, 107 of 133 patients (80%) in the amphotericin B group
were changed to alternate therapy. These alternate therapies
included lipid formulations of amphotericin B (n = 47), itra-
conazole (n = 38), and unspecified antifungals or combinations
of drugs (n = 22). Thus, voriconazole was essentially compared
with other antifungal therapy as well as with amphotericin B.

Empiric antifungal therapy in neutropenia
Walsh and colleagues conducted a randomized, multicenter,

open-label trial comparing voriconazole with liposomal ampho-
tericin B (L-AMB) for empiric antifungal therapy in neutropenic
patients with persistent fever (24). Patients were stratified at
enrollment according to the risk of fungal infection. High-risk
patients were those who had received allogeneic hematopoietic
stem cell transplants or were receiving chemotherapy for relapsed
leukemia. Other patients were classified as being at moderate risk
of fungal infections. Patients randomized to the voriconazole
group received a 6-mg/kg loading dose every 12 hours for 2 doses
and then a maintenance dose of 3 mg/kg intravenously every 12
hours. Patients could be switched to oral voriconazole (200 mg
every 12 hours) after at least 3 days of intravenous therapy. L-
AMB was given at a dose of 3 mg/kg intravenously per day. If
there was evidence of a fungal infection, the voriconazole dose
was increased to 4 mg/kg intravenously every 12 hours (or 300
mg orally every 12 hours) and L-AMB was increased to 6 mg/kg
per day. Additionally, if toxic effects occurred, the dose of L-AMB
could be decreased to 1.5 mg/kg per day. No dosage adjustments
were allowed for voriconazole unless there had been a prior dose
escalation. Treatment was continued for up to 3 days after neu-
trophil recovery (absolute neutrophil count >250 cells/mm3) or
up to a maximum of 12 weeks in those with documented fungal
infections. The primary endpoint was successful treatment, de-
fined as no breakthrough fungal infections, survival 7 days past
the end of therapy, no premature discontinuation of study medi-
cation, fever resolution during the period of neutropenia, and
successful treatment of baseline fungal infection. The secondary
endpoints were safety and tolerability of each therapy.

In total, 415 patients in the voriconazole group and 422
patients in the L-AMB group were included in the modified
intention-to-treat group, and all baseline characteristics were
similar. Voriconazole and L-AMB had similar success rates (26%
vs 30.6%, respectively; 95% CI –10.6% to 1.6%). This confi-
dence interval fell outside the predefined lower limit of –10 per-
centage points required to show noninferiority. Breakthrough
fungal infections were documented in 8 patients in the voricona-
zole group and in 21 patients in the L-AMB group (P = 0.02).
Of these 29 patients, 48.3% died from invasive mycosis, while
the overall mortality rate in this study was 12.9%. Those patients
at high risk for fungal infection had fewer breakthrough fungal
infections with voriconazole (1.4%) than with L-AMB (9.2%;
P = 0.003). The complete or partial response rate of patients who
had baseline fungal infections was 46.2% in the voriconazole
group and 66.7% in the L-AMB group (95% CI –67.0% to
25.9%). The overall mortality rate of the 2 groups did not differ
significantly. Voriconazole was discontinued more often than L-
AMB because of lack of efficacy (22 vs 5; P = 0.001); persistent
fever was the most common cause for discontinuation. None of
these fevers was due to a documented fungal infection. Patients
at moderate risk had a lower success rate with voriconazole (23%)
than with L-AMB (31%; 95% CI –15.2% to –0.4%), although
the authors attributed this to the disparity in mortality from pro-
gressive cancer between the groups. Patients receiving vori-
conazole experienced more visual disturbances and visual
hallucinations than patients receiving L-AMB. Patients receiv-
ing L-AMB experienced more azotemia and hypokalemia than
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patients in the voriconazole group. There was no significant dif-
ference in the incidence of hepatotoxicity between the groups,
although this may not be applicable to patients undergoing
longer treatment for proven fungal infections.

The authors concluded that voriconazole is appropriate for
empirical antifungal therapy in neutropenic patients and may be
used in lieu of L-AMB. However, it is important to note that the
difference in success rates was greater than the limit of the study’s
definition of noninferiority, meaning that it cannot be inferred
that the 2 agents are equivalent. It is not clear whether this re-
flects a problem in study design or an actual difference in effi-
cacy between the 2 drugs. P values were not reported for any
outcome data in the study (although these are reported in the
annotated package insert). Moreover, the authors presented the
unstratified analysis in their report rather than the stratified
analysis that was planned prospectively before the study began
(25). Subgroup analysis showed that patients at high risk of fun-
gal infection had better outcomes with voriconazole, but this
study was not powered to detect definite differences in subgroup
analyses. The finding that the voriconazole-treated patients had
fewer breakthrough fungal infections while on treatment is also
suspect, as the total number of breakthrough infections was low
and the study was not powered to detect a difference in the num-
ber of these infections. Furthermore, voriconazole may have been
discontinued more often than L-AMB because the study was
nonblinded and clinicians were cautious about continuing study
drug if patients remained febrile. Notably, the rate of successful
treatment with L-AMB in this study was lower (30.6%) than that
reported in previous studies in febrile neutropenic patients (50%–
64%) (26–28). However, this may be due to divergent definitions
of fever resolution among the studies. The L-AMB study did not
specify a time requirement for fever resolution, while the vori-
conazole trial required patients to be afebrile during the period
of neutropenia or prior to the end of treatment, whichever came
first.

Treatment of esophageal candidiasis
Ally and colleagues conducted a randomized, double-blind,

double-dummy, multicenter trial comparing the efficacy of vori-
conazole with that of fluconazole for the treatment of esophageal
candidiasis in immunocompromised patients (29). Patients were
randomized to receive voriconazole or fluconazole plus placebo
for 2 to 6 weeks. Patients in the voriconazole group received 400
mg orally twice daily and placebo. Patients in the fluconazole
group received 400 mg orally once and then received 200 mg
orally every day plus placebo. Treatment continued for 7 days
after the resolution of all clinical signs and symptoms but was not
allowed to extend past 42 days of therapy. The primary endpoint
was to demonstrate that voriconazole was not inferior to
fluconazole for the treatment of esophageal candidiasis. This
endpoint was based on response to treatment assessed by
esophagoscopy on day 43 or at the end of treatment. This analysis
was performed on the per-protocol and intention-to-treat popu-
lations, and success was defined as esophagitis cured or improved.
The intention-to-treat group included all patients who received
at least 1 dose of study medication, and the per-protocol group
included patients who had no significant deviations from the
inclusion and exclusion criteria. Secondary efficacy endpoints

assessed the symptomatic resolution of esophageal and oropha-
ryngeal candidiasis and the time to clinical cure.

There were 191 and 141 patients treated with fluconazole and
200 and 115 patients treated with voriconazole in the intention-
to-treat and per-protocol groups, respectively. An endoscopically
proven cure was seen in 94.8% of patients in the voriconazole
group and in 90.1% of patients in the fluconazole group. The
success rate (cured or improved) was 98.3% for patients receiv-
ing voriconazole and 95.1% for patients receiving fluconazole
(95% CI –1.0% to 75%). This fell within the predefined non-
inferiority margin of –15 percentage points. Symptoms resolved
in 82% of patients treated with voriconazole and 83.2% of pa-
tients treated with fluconazole. The success rate (symptoms cured
or improved) was 88% for the voriconazole group and 91.1% for
the fluconazole group (95% CI –9.2% to 3.0%). The success rates
for oropharyngeal candidiasis were 88.4% for patients treated
with voriconazole and 93.8% for patients treated with
fluconazole (95% CI –12% to 1.0%). At the 4-week follow-up,
5.7% of patients in the voriconazole group and 10.3% of patients
in the fluconazole group had a relapse. The median time to cure
was similar in both groups (8 days). Treatment-related adverse
events were more common in the voriconazole group. Visual
disturbances and abnormal liver function test results were more
common in the voriconazole group. The authors concluded that
voriconazole is at least as effective as fluconazole for the treat-
ment of esophageal candidiasis. Of note, the number of patients
needed to achieve power was not disclosed in this study, so it is
unknown if enough patients were enrolled to prove non-
inferiority. Additionally, P values were not reported for any pa-
rameters.

Treatment of other pathogens
Voriconazole has been studied in the treatment of other fun-

gal pathogens as well. In one pooled analysis, successful response
to voriconazole was seen in 15 of 24 patients (63%) with S.
apiospermum infection (5). In 3 of these patients, the infection
relapsed within 4 weeks of follow-up. Nine of 24 patients (43%)
with Fusarium spp. infection were successfully treated with vori-
conazole. Two of these patients experienced relapse. However,
these studies were pooled analyses, and complete review of the
data was not possible.

RESISTANCE
The development and frequency of resistance to voriconazole

has not been adequately studied (5, 8). The main mechanisms of
resistance to the triazole antifungal agents include ergosterol bio-
synthesis pathway modification, changes in gene expression, and
increased expression of efflux pumps through various genes. Fun-
gal isolates that demonstrate reduced susceptibility to fluconazole
or itraconazole may show reduced susceptibility to voriconazole,
although the relevance of this finding has not been fully defined.
For this reason, if triazole cross-resistance is demonstrated, alter-
native antifungal therapy is recommended.

ADVERSE EFFECTS/TOXIC EFFECTS
Voriconazole’s safety has been evaluated in patients and

healthy volunteers throughout phase I and clinical trials (5, 8).
It is generally well tolerated, with visual disturbances, fever, rash,
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hepatic abnormalities, nausea,
vomiting, abdominal pain, and
headache being the most com-
monly reported adverse effects.
The adverse events most often re-
sponsible for discontinuation of
therapy include visual distur-
bances, elevated hepatic function
test results, and dermatologic re-
actions.

Approximately 30% of pa-
tients in clinical trials experienced
visual disturbances, including al-
tered or enhanced visual percep-
tion, blurred vision, color vision
change, and/or photophobia (5,
8). Patients receiving higher doses
or patients with higher plasma
concentrations may be more likely
to experience visual abnormali-
ties. These disturbances were gen-
erally mild in nature, occurred
within 30 minutes of dosing, and
lasted approximately 30 minutes.
Visual disturbances generally oc-
curred during the first week of
therapy and were reversible after
the patient discontinued therapy
or became tolerant to voricona-
zole. The retina appears to be the
site of action, although the actual
mechanism of action for the visual
disturbances is unknown. One
study evaluated the retinal func-
tion of healthy volunteers receiv-
ing voriconazole for 28 days (5).

Table 1. Effects of voriconazole on the metabolism of other drugs*

Mechanism of
Drug interaction Result Recommendation

Astemizole, CYP3A4 inhibition ↑  plasma concentrations Contraindicated
terfenadine, cisapride, QT prolongation
pimozide, quinidine

Sirolimus CYP3A4 inhibition ↑  plasma concentrations Contraindicated

Rifabutin CYP3A4 inhibition ↑  plasma concentrations Contraindicated

Ergot alkaloids CYP450 inhibition ↑  plasma concentrations Contraindicated
(ergotamine,
dihydroergotamine)

Cyclosporine CYP3A4 inhibition ↑  AUC and ↑  trough level Decrease cyclosporine
   dose by half; monitor levels

Tacrolimus CYP3A4 inhibition ↑  AUC and Cmax Decrease tacrolimus dose
   by one third; monitor levels

Phenytoin CYP2C9 inhibition ↑  plasma concentrations Monitor phenytoin levels

Warfarin CYP2C9 inhibition ↑  PT/INR Monitor PT/INR

Omeprazole CYP2C19/3A4 inhibition ↑  plasma concentrations Reduce omeprazole dose
   by half if initial dose >40 mg

Protease inhibitors CYP3A4 inhibition ↑  plasma concentrations Monitor for toxicity

Nonnucleoside reverse- CYP3A4 inhibition ↑  plasma concentrations Monitor for toxicity
transcriptase inhibitors

Benzodiazepines CYP3A4 inhibition ↑  plasma concentrations Monitor for toxicity

HMG-CoA reductase CYP3A4 inhibition ↑  plasma concentrations Monitor for toxicity
inhibitors (statins)

Dihydropyridine calcium CYP3A4 inhibition ↑  plasma concentrations Monitor for toxicity
channel blockers

Sulfonylureas CYP2C9 inhibition ↑  plasma concentrations Monitor blood glucose, signs/
   symptoms of hypoglycemia

Vinca alkaloids CYP3A4 inhibition ↑  plasma concentrations Monitor for toxicity

*Adapted from references 2 and 5.

AUC indicates area under the curve; Cmax, maximum concentration; HMG-CoA, hydroxymethylglutaryl coenzyme A; INR, inter-
national normalized ratio; PT, prothrombin time.

ing jaundice, hepatitis, and acute hepatic failure leading to death.
It is recommended that hepatic function tests be evaluated at ini-
tiation and during the course of voriconazole therapy. If hepatic
function test results or bilirubin levels become elevated, patients
should be evaluated for progression to more severe hepatic injury.
Discontinuation of therapy should be considered for any patient
who develops hepatic disease that may be attributed to voricona-
zole.

Skin reactions attributed to voriconazole occurred in approxi-
mately 6% of patients in clinical trials (2, 5, 8). Most reactions
were mild to moderate in severity and did not require treatment
discontinuation. It is important to note that many patients were
receiving steroids, antihistamines, and other immunosuppres-
sants that might affect the severity and the presentation of the
skin reaction. Photosensitivity may occur, particularly in patients
receiving voriconazole for a long period. There have been rare
cases (4) of patients developing serious cutaneous reactions
(Stevens-Johnson syndrome, toxic epidermal necrolysis, and
erythema multiforme) when receiving voriconazole. Patients
who develop a dermatologic reaction should be monitored
closely, and voriconazole should be discontinued if the reaction
increases in severity.

The study found that voriconazole caused ocular abnormalities
on both the retinal rods and cones. Electroretinogram waveform
amplitude and visual field were decreased and alterations in color
perception were observed, and these abnormalities continued
throughout the treatment period. Patients were tested again 14
days after treatment discontinuation, and the electroretinogram,
visual fields, and color perception had returned to baseline in most
subjects (2, 5, 8). Long-term vision impairment risk in humans
is not known, so the manufacturer recommends that physicians
monitor visual function for patients receiving voriconazole for pe-
riods longer than 28 days.

Abnormalities in hepatic transaminase levels occurred in
13.4% of patients in clinical trials (2, 5, 8). Hepatic transaminase
and alkaline phosphatase increases >3 times the upper limit of
normal were more frequent in patients receiving voriconazole
than in patients receiving other antifungal agents in clinical tri-
als. These abnormalities have been associated with higher con-
centrations or higher doses of voriconazole, but specific
parameters have not been established at this time (30). Transami-
nases generally returned to baseline levels either during treatment
(with or without dosage adjustment) or after discontinuation.
Voriconazole has been associated with hepatic toxicity, includ-

VORICONAZOLE: THE NEWEST TRIAZOLE ANTIFUNGAL AGENT
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DRUG INTERACTIONS
Voriconazole affects the metabolism of

several other drugs (Table 1), and other
drugs affect its metabolism as well (Table
2).

DOSE/DOSAGE FORMS
Voriconazole injection is supplied as a

sterile lyophilized powder in a single-use
vial containing 200 mg of active drug
and 3200 mg of sulfobutyl ether beta-
cyclodextrin sodium (5). For the treatment
of fungal infections in adults, the dose of
intravenous voriconazole is 6 mg/kg every
12 hours for 2 doses, followed by a mainte-
nance dose of 4 mg/kg. If patients are un-
able to tolerate this dosage because of side
effects, the dose may be decreased to 3
mg/kg intravenously every 12 hours. In

dosages. As expected, intravenous therapy is the most expensive
route of administration. L-AMB treatment at 5 mg/kg is approxi-
mately $14,000 per month of therapy. Voriconazole given intra-
venously for 30 days is similar in cost to caspofungin and
lower-dose L-AMB ($7556, $8266, and $8498, respectively).
However, it is approximately $2700 more than intravenous
itraconazole for 30 days of treatment, making itraconazole a more
attractive choice for Aspergillus spp. treatment if intravenous
therapy is anticipated for the entirety of treatment. If voricona-
zole is converted to oral dosing after 7 days of treatment, the cost
is reduced to $2520 for 30 days of therapy. This is a difference of
approximately $5000 per patient compared with a 30-day course
of intravenous voriconazole and is approximately the same cost
as an intravenous-to-oral conversion of itraconazole. This would
also result in a $6000 to $12,000 savings compared with a 30-
day treatment course of L-AMB.

For the treatment of candidiasis, the drugs voriconazole,
caspofungin, and fluconazole were analyzed. The dosage of
voriconazole used in the comparison was that used in the study
done in patients with esophageal candidiasis (29).

The costs of empiric therapy with voriconazole, amphoteri-
cin B, or L-AMB were analyzed. The dosage of voriconazole used
in the comparison was that used in the study done in patients
with febrile neutropenia (24).

SUMMARY
Fungal infections remain a significant cause of morbidity and

mortality despite advances in medicine and the emergence of
new antifungal agents. Voriconazole is the newest agent in the
armamentarium against fungal infections. It is a triazole antifun-
gal with a structure related to that of fluconazole and a spectrum
of activity comparable to that of itraconazole. Voriconazole is
indicated for the treatment of invasive aspergillosis and for the
treatment of fungal infections caused by S. apiospermum and
Fusarium spp. that are refractory to other antifungal agents.

Voriconazole is available in both intravenous and oral for-
mulations; the oral bioavailability reaches approximately 95%.
Having both formulations available allows conversion to oral
therapy for patient convenience and cost containment. Unlike

Table 2. Effects of other drugs on the metabolism of voriconazole*

Mechanism of
Drug interaction Result Recommendation

Rifampin Enzyme induction ↓  plasma concentrations Contraindicated

Rifabutin Enzyme induction ↓  plasma concentrations Contraindicated

Carbamazepine Enzyme induction ↓  plasma concentrations Contraindicated

Barbiturates Enzyme induction ↓  plasma concentrations Contraindicated

Phenytoin Enzyme induction ↓  plasma concentrations Increase voriconazole
maintenance dose to 5
mg/kg IV or 400 mg PO
every 12 hours

Protease inhibitors CYP3A4 inhibition ↑  plasma concentrations Monitor for toxicity

Nonnucleoside reverse- CYP3A4 inhibition ↑  plasma concentrations Monitor for toxicity
   transcriptase inhibitors Enzyme induction ↓  plasma concentrations Monitor for effectiveness

*Adapted from references 2 and 5.

clinical studies, a maintenance dosage of 3 mg/kg intravenously
every 12 hours was given when patients received voriconazole em-
pirically for neutropenic fever. Patients who are able to take oral
medications may be switched to oral voriconazole.

Oral voriconazole is supplied as film-coated tablets contain-
ing 50 mg or 200 mg of active drug. For the treatment of fungal
infections in adults, the dose of voriconazole is 400 mg orally
every 12 hours for 2 doses, followed by a maintenance dose of
200 mg orally every 12 hours. If patient response is not adequate,
a dosage of 300 mg orally every 12 hours may be given. For pa-
tients weighing <40 kg, the loading dose and maintenance dose
should be halved. If a patient is intolerant to treatment, the oral
dose may be decreased in 50-mg increments.

Patients with mild to moderate hepatic insufficiency (Child-
Pugh class A and B) should receive standard loading dose regi-
mens of voriconazole. However, the maintenance dosage should
be halved based on dosing studies demonstrating that the area
under the curve was prolonged in these groups of patients (5, 8).
No data are available at this time for the pharmacokinetics of
voriconazole in patients with severe hepatic insufficiency.

Patients with mild, moderate, or severe renal dysfunction
(including those on dialysis) may receive oral voriconazole at the
usual recommended dosages. Dosing studies have demonstrated
that the area under the curve of oral voriconazole is not altered
at any level of renal dysfunction (5, 8). However, dosing studies
also revealed that when intravenous voriconazole was given to
patients with renal impairment, accumulation of the solubiliz-
ing excipient occurred. This compound has been associated with
nephrotoxic effects such as cytoplasmic vacuolation in the re-
nal tubule epithelium, renal pelvis, and urinary bladder. It is for
this reason that patients with a creatinine clearance <50 mL/min
should not receive intravenous voriconazole unless the benefits
for use outweigh the potential risks.

PHARMACOECONOMICS
Table 3 outlines the cost of treatment with antifungals for a

30-day course of therapy. For the treatment of invasive aspergillo-
sis, the drugs voriconazole, caspofungin, itraconazole, liposomal
amphotericin B, and amphotericin B were compared at standard



APRIL 2003 247

itraconazole capsules, voriconazole does not require acid for dis-
solution in the gastrointestinal tract and may be administered
with antacids and other acid-suppressing agents. (Of note,
itraconazole solution is available and does not require acid for
dissolution, but it is not palatable and patient compliance may
be of concern.) Voriconazole may cause visual disturbances, al-
though the disturbances tend to diminish after continued
therapy. Vision does not appear to be affected in the long term,
although only treatment periods up to 28 days have been stud-
ied. Voriconazole may also cause hepatic toxicity, although this
has been reported with other triazole drugs as well. Renal toxic-
ity has been reported with voriconazole, but patients were on
other nephrotoxic agents concomitantly. Dermatologic reactions
have also been reported with voriconazole. Drug interactions are
common with voriconazole, although the other triazole agents
also have significant interaction profiles. Resistance to voricona-
zole has not been thoroughly studied. However, fungal isolates

Table 3. Cost comparison of 30-day treatment with antifungal agents*

Cost/30-day
Condition and drug Dosing regimen treatment ($)

Aspergillosis
Voriconazole IV 6 mg/kg × 2, then 4 mg/kg q12 (70 kg) 7555.73
Voriconazole PO 400 mg × 2, then 200 mg q12 1514.04
Voriconazole PO 200 mg × 2, then 100 mg q12 (<40 kg) 403.22
Voriconazole PO 400 mg × 2, then 300 mg q12 2222.80

(dose increase if response inadequate)
Voriconazole IV to PO 6 mg/kg IV × 2, 2520.18

   then 4 mg/kg IV q12 × 7 days,
   then 200 mg PO q12 × 21 days

Caspofungin IV 70 mg × 1, then 50 mg QD 8265.65
Itraconazole IV 200 mg q12 × 4, then 200 mg QD 4816.00
Itraconazole PO capsule 200 mg QD 390.60
Itraconazole PO capsule 400 mg QD 781.20
Itraconazole PO solution 200 mg QD 396.00
Itraconazole PO solution 400 mg QD 792.00
Liposomal amphotericin B 3 mg/kg (70 kg) QD 8498.40
Liposomal amphotericin B 4 mg/kg (70 kg) QD 12,747.60
Liposomal amphotericin B 5 mg/kg (70 kg) QD 14,872.20
Amphotericin B 1 mg/kg (70 kg) QD 169.20

Candidiasis
Caspofungin IV 70 mg × 1, then 50 mg QD 8265.65
Fluconazole IV 400 mg × 1, then 200 mg QD 2322.39
Fluconazole IV 400 mg QD 3342.90
Fluconazole PO 400 mg × 1, then 200 mg QD 327.36
Fluconazole PO 400 mg QD 633.60
Voriconazole PO 400 mg q12 2930.40

Empiric therapy
Amphotericin B 1 mg/kg (70 kg) QD 169.20
Liposomal amphotericin B 3 mg/kg (70 kg) QD 8498.40
Voriconazole IV 6 mg/kg q12 × 2, 5147.86

   then 3 mg/kg q12 (70 kg)

*Adapted from references 24 and 29.

IV indicates intravenous; PO, oral; QD, every day; q12, every 12 hours.

resistant to fluconazole or itraconazole have decreased
susceptibility to voriconazole, suggesting possible cross-
resistance.

On the basis of efficacy data, voriconazole is likely as
effective as amphotericin B for the treatment of as-
pergillosis and may be more effective. Voriconazole ap-
pears to be effective against infections caused by Candida
spp., S. apiospermum, and Fusarium spp. It may be effec-
tive for empiric treatment in patients with febrile neu-
tropenia, although more studies need to be conducted to
confirm this finding. Use of voriconazole entails lower ex-
penditures than agents such as L-AMB and caspofungin,
particularly if patients are switched to oral therapy within
a reasonable time frame.
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